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DESIGN AND DEVELOPMENT OF A PNEUMATIC GIMBAL ACTUATION SYSTEM

Monthly Technical Report for February 1966

This report covers activities at the Bendix Research
Laboratories Division under Contract NAS8-5407, Modification No.
9, during the period of 1-28 February 1966.

1. TECHNICAL PROGRESS

1.1 Phase I: Gear Motor Development

All room temperature development testing of the gear motor
has been successfully completed, and the specified performance para-
meters have been equaled or surpassed. The motor completed the
entire test program without a failure of any part. The only change
incorporated in the hardware during the test program was in providing
additional porting from the motor to facilitate higher motor speeds.
The total exhaust area from the motor, including the valve was
finalized at three times the valve supply orifice area. This
provided the desired siope to the torque-speed curve without dropping
the quiescent motor pressure unnecessarily low.

The actuator was disassembled for visual inspection. it
was noted that several of the balls from the ball spline had
dislodged during previous teéting and had caused some damage to the
housing and snubber springs. However, the damage does not appear
to be of a magnitude to seriously affect the actuator test schedule.

Revisions to the motor adaptor to facilitate mounting the
gear motor on the actuator have been completed.

The vendor delivery schedule for the heat exchanger for
cooling the Hydrogen supply gas has been delayed. However the gear
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motor development program and actuator system test program can be
rearranged to perform all room temperature testing first, and the
overall schedule will not be delsayed.

1.2 Phase IT: Epicyclic Motor Development

Devail drawings of all motor components have been completed
and are being prepared for release to the shop. An alternate
design is being prepared for evaluation and will be fabricated to
obtain more motor data for the design guide lines. The second motor
will have both ring gears, the active ring gear and balancing ring
gear, active, and the displacement chambers will be located between
them. This will allow the motor to be somewhat smaller for a given
power if it proves to be as efficient as the single active ring
design. The motors will be tested to obtain as much data required for
establishing a set of motor design parameters for future designs.
Special emphasis will be placed on apparent weak points and solutions
or improvements will be obtained.

1.3 Phase III: Development of a Photoviscous
Technique for Fluid Flow Studies

Black and white photographs of the calibration channel
using circularly polarized light were taken for various flow cases,
and the photographs were analyzed to determine the relationship of
birefringence versus shear rate. A sample of the fluid was with-
drawn, and the concentration of milling yellow dye in solution was
determined to be 1.4. It was determined that from the resultant
plot of birefringence versus shear rate that the apparent concentra-
tion appeared to be 1.32 rather than the experimentally determined
1.40. It is felt that the poor correlation of data could be caused
by foreign particles other than milling yellow dye showing up in
the analysis of the concentration. Due to the fact that the sample
is only about 100 grams of solution, the total weight of these
'foreign particles would only have to be .08 grams to give an error
of this magnitude.

The vortex valve was installed on the test stand and photo-
graphs were taken for various supply and control flow rates, using
both plane polarized white light and circularly polarized mono-
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chromatic light. The circularly polarized monochromatic light was
used to record the isochromatics, while the plane polarized white
light was used to obtain the isoclinics. The reason for using white
light rather than monochromatic for recording the isoclinics is

that the isoclinics are easier to define in a field of color as
opposed to a black and white field. The isoclinic photographs were
all taken at the same flow condition, but for different orientation
of the angle of the polarizer and analyzer. Since the vortex valve
did not provide enough fringes at 25OC to get a good idea of the
flow field, the temperature of the fluid was lowered until 3
fringes appeared in the vortex simultaneocusly at about 50% supply
flow. (This flow case was selected arbitrarily.) The fluid tempera-
ture required to produce this was about 18°C. The calibration
channel was reinstalled and flowed at the same temperature (l8.OOC)
for flow rates of 10, 20 and 30% flow to provide birefringence
versus shear rate data for the vortex valve at this temperature.

A model of a monostable MF-2 amplifier was tested and photo-
graphs were taken for 20% supply flow with no control flow and 20%
supply flow and 20% control flow, using circularly polarized
monochromatic light. The results indicated that attachment would
not take place under any circumstance, which concurred with previous
test results.

The control panel was installed on the modular enclosure,
and the system has been plumbed up and checked for leaks. The model
fixture was installed on che writing surface of the cabinet, and
the vortex valve was plumbed into the system. The test stand is
complete except for the installation of the hardware for the optical
system, which at this time has not yet been received.

High speed movies of the starting and stopping transients of
the vortex valve were taken using circularly polarized white light.
The film speed was varied from 500 to 1000 to 2000 frames per
second. An attempt was made to record the transients with mono-
chromatic light, but even at 500 frames per second, the light
intensity was too low.
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2. PLANS FOR NEXT PERIOD

The actuator will be refurbished and worn or broken parts
replaced from the spare parts inventory. The actuator test setup
is to be completed to allow debugging the actuator, load simulator,
and test procedure, before proceeding with the room temperature
actuator system testing.

Fabrication of the DYNAVECTOR actuator with balancing ring
will continue during the next pericd. Design of the actuator with
double active rings will be finalized and detail drafting initiated.

Analysis will continue to correlate birefringence versus shear
rate data as determined from the calibration channel against the
published data in the literature. A new batch of dye will be mixed,
and extreme care will be taken in determining the concentration prior
to filling the system. The data will then be taken immedlalely, and
another sample will be withdrawn at the completion of the test, and
this concentration will be checked.

The photographs of the vortex valve for pure radial flow will
be analyzed to determine the radial velocity component as a function
of radius. This distribution will be compared with that as predicted
from a one-dimensional analysis for the same flow case.

The optical components will be installed on the test stand,
which will complete the fabrication.
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